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A GENERAL METHOD OF ANALYSIS 
OF RIGID FRAMES* 


Panagiotis D. Moliotis,! M. ASCE 


INTRQDUCTION 


1.—The rigid frames to be analysed have straight members with constant 
moment of inertia. 

The members are numbered 1,2,3, and the joints A,B,C, 

The bending moments __, normal forces N, shear forces Q, the end section 
of a member i adjoining a joint K are named Mki, Nxi, Qui, respectively. 

The above moments, normal forces and shear forces when considered as 
exerted by the member i to the joint K, the joint assumed to be fully re- 
strained against rotation and displacement, are called “on the joint”? moments, 
normal forces and shear forces from the member i to the joint K and they 
are denoted by the symbols Mui, and 

Evidently the on the joint moments are equal but opposite in sign to the 
fixed end moments of the members. The sum of the moments and forces ex- 
erted to the joint K by all the members meeting at it is called the “unbal- 
anced moment” SM; or normal force DN,j or shear force SQ,j at the joint K. 

As it is known loaded structures undergo elastic deformations, main char- 
acteristics of which are the movements of the joints. These latter fall into 
the following two categories: 

1) Rotations and 2) Displacements. 

In rigid frames with straight members the deformations caused by normal 
forces and shear forces are negligible compared with the deformations caused 
by bending moments and they are neglected. 

Due to the deformations caused by the bending moments the resulting dis- 
placements of the joints are interrelated and so the displacements of each 
joint are not independent from the displacement of the other joints. 

With the aid of diagrams of virtual displacements the displacements of all 
the joints can be expressed as functions of the displacements of a certain num- 
ber of them. 

The number of these fundamental joints gives the degrees of elastic free- 
dom of the frame. 

If we replace the joints by hinges we can convert a rigid frame into a 
formation which, as a rule, possesses a certain number of degrees of geo- 
metrical freedom. We can eliminate these degrees of geometrical freedom 
by adding a certain number of imaginary simple restraints by means of 
rollers. 

The degrees of geometrical freedom of the above pin-joined formation are 
the same as the degrees of elastic freedom of the original rigid frame. 

The number of the roller restraints needed to be added to the above not 
rigid pin-joined formation to convert it into a rigid one gives again, in 


*Originally published, in Greek, in Technika Chronika in 1952. 
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accordance with the afore mentioned, the degrees of the elastic freedom of 
the original rigid frame. 

Thus by adding one or two or more imaginary roller restraints we can 
reduce by equal numbers the degrees of elastic freedom of the rigid frame. 
The introduced imaginary roller restraints are numbered I, II, IIl,.. . 


2.—We call “group of condisplaced joints” corresponding to a certain joint, 
all the joints of the frame which will be displaced together with it should the 
roller restraint at it be removed. 

We call “group of condisplaced members,” corresponding to a certain 
joint, all the members of the frame which will be displaced together with it 
should the roller restraint at it be removed. 

It is possible that joints and members of the frame belong to two or more 
groups of condisplaced joints or members. 

The following symbols will be used: 


dm: for the displacements of the joints of the frame. The suffix M refers 
to the joint and the suffix I to the group of the condisplaced joints to which 
the considered joint M belongs. 

5i;: for the displacements of the ends of a member i relatively to each 
other perpendicular to the direction of the axes of the member. The suffix i 
refers to the member and the suffix I to the group of the condisplaced mem- 
bers to which the considered member belongs. 

Ny: for the component of displacement of member parallel to its axis. 
The suffixes i and I have the same meaning as above. 


Convention of Signs 


A bending moment exerted by a member to a joint is positive when clock- 
wise. Conversely the bending moment at the end sections of a member are 
positive when anticlockwise (Fig. 1a). 

A shear force is positive when an infinite portion of the member tends to 
turn clockwise under the action of the shear forces at its ends (Fig. 1b). 

A normal! force is positive when causes tension to the member as in 
Fig. Ic. 

The angles of rotation of the joints are positive when clockwise. 

The displacements 6; and m, are positive when they are obtained by a clock- 
wise rotation of a member i around the instantaneous center Oj; of the mem- 
ber (Fig. 2). 


Stress Analysis of the Frame in Two Steps 


3.—Let us consider the frame of the Fig. 3 loaded by the external loads (P). 
As it is known we can accomplish the stress analysis of the frame in two 
steps. 1) First step: Calculation of the on the joint moments produced by 
external loads on the members. 2) Second step: Calculation of the end bend- 
ing moments and normal and shear forces of the member due to the unbal- 
anced moments Mp, Mg and forces Zj, Zy (Fig. 4) 

The moments and forces developed at this step are in the following denoted 
in general by @). 

The moments Mp, Mg 


at 
My Mui + Mx (1) 
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where My is the unbalanced moment at the joint 
My is an external moment applied on the joint 
K (positive when clockwise). 
i is a member meeting the joint and 
zy the sum of the moments from all the members meeting K. 


The forces Zf, Ziy ree are equal and opposite to the reactions FY, FP 
. of the Heaton Bee. roller restraints, which are put to a certain parent ff 
the joints of the frame to prevent displacements of the joints. 
The forces Ff, Fi cones are calculated as reactions of the imaginary 
roller restraints to the corresponding statically determined pin-joined forma- 


tion loaded by the unbalanced forces Pp, Pg . 
The forces Pp, Pp..... . are the vector resultants of all the normal 


and shear forces and Qxj (exerted by the members to the joint K) and of any 
external force applied to the joint. 


Py Oxi # E Ny; # Py 


where Qj is the on the joint K shear force from the member i. 
Nxj is the on the joint K normal force from the member i. a 
P, is any external load applied on the joint K. 
The summation at the equation (2) is vectorial. 


The forces » are called fixing forces. 
The forces Zj, Zjj.....-. are called displacers of the frame. § 


Solution of the step (°) by the Method of Successive Approximations 


4.—The solution of the step (@) by the method of successive approximations 
is carried out in two stages. Firstly by successively unlocking each joint as 
far as rotation is concerned, the rest of the joints remaining fixed against 
rotation and displacement. Secondly by setting free each joint in turn to line- 
ar displacement by removing successfully each roller restraint, the rest of 
the joints remaining fixed against rotation and displacement. 

When we unlock each joint to free rotation, then with the aid of distribution 
and carry over factors and the unbalanced moments we can calculate the bend- 
ing moments at the end sections of the members, both close to the considered 
joint and close to all adjoining ones. 

The setting free to rotate of each joint causes new fixing forces F on the 
imaginary roller restraints. We can calculate them by multiplying the un- 
balanced moments by a certain factor, corresponding to each imaginary roller 
restraint, the dimensions of which are (L~1). These factors are called re- 
straining factors of the frame. The corresponding fixing forces are denoted 


by the symbols FA Fh 

After the first ‘eutiiins « of all the joints to free rotation we remove in turn 
all the imaginary roller restraints; in this removal all the joints of the frame 
are displaced under the action of the forces: Zy, Zy ..... We assume that 
during these displacements the joints of the frame remain fixed against 
rotation. 

Let us assume that we remove the imaginary roller 1. The force Z], acting 
on the joint where the roller I was removed, will be given by 
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Because of the displacement of each joint at the end sections of the members 
meeting the considered joint bending moments are developed which can be 
calculated by multiplying the force Z; by a certain factor corresponding to 
each member and having dimensions (L+1). These factors are called dis- 
tribution factors due to displacement. ae 

On the remaining imaginary roller restraints II, III , because of 


the removal of the roller Z;, new fixing forces Fi, Fi, . +... are developed 
which we can calculate by multiplying the Z; by a certain numerical factor, 
which is called shear carry over factor. 

In the same manner we remove in turn all the imaginary rollers. 

We repeat the successive unlocking to rotation and setting free to dis- 
placement of the joints of the frame until we obtain unbalanced moments and 
forces Z negligible. 


Diagram of Virtual Displacements 


The calculation of the restraining factors, distribution factors due to dis- 
placement and shear carry over factors, is given in the following by the 
application of the principle of virtual works. 

We adopt as virtual deformaticns the infinite displacements of the joints 
and bars produced by the successive removal of the imaginary roller re- 
straints. These displacements are obtained with the aid of diagrams of vir- 
tual displacements (Fig. 5) 

In the figure 5 diagram of virtual displacements of the frame is drawn, 
resulting from a displacement 6, of the joint D where the roller I was re- 
moved. 

In the following we shall use the symbols (71), Wl), . . . . to denote dia- 
grams of the virtual displacements obtained by the successive removal of 
each of the roller restraints. 

We calculate the displacements of the joints and the relative displacements 
of the ends of the members as functions of the displacements 5), dy, .. - - 
as follows: (Fig. 6) 

From the fig. 6 with the aid of the instantaneous center of rotation and the 
angles $ai, Spi, if we know the displacement 5a, of the end A, we can calcu- 
late the remaining displacements of the member by using the following 
equations: 


sin GAi sin€ Ait @pi) d,=sin Pai 


sin ’ SiN 


For the case of a series of members 1.2 r (Fig. 7) we can calculate 
the displacement of the joint and the relative displacements of the member 
with the aid of the equations (3) as follows: 

Jb, bp (4) 
Su On Sn, ny =dy 
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Cy=Cy om dy dy Cm 


Calculation of the Restraint Factors 


6.—Let us consider the frame of the fig. (8) in which all the joints remain 
fixed against rotation except the joint A on which a moment Mag acts. All the 
joints of the frame remain linearly undisplaced because of the imaginary 
roller restraints I, II, I, .... The rotation of the joint A causes fixing 


forces +... at these imaginary rollers which we seek to 


calculate. A 
In the following we give the calculation of the fixing force Fy. The calcu- 


lation of the remaining forces Fh, FA, .... is carried out in the same way 


A 
as for the Fy; . 
If we isolate the member i by two cuts near the joints A and C and we 


apply on the end sections externally, the developed internal forces M, N, Q 
(Fig. 9), the member i is in equilibrium under the action of these forces. 


The distributed moment MA, and the carry over moment Mei are calcu- 
lated as functions of the as follows 


(5) 


where Ka; is the distribution factor of the member i and #; is the carry over 


factor of the member i. 
As it is known the factor pj in a member with a constant moment of inertia 


has two values: pj = + ; and H; = 0, the first if the member i has its end on 


the joint C encastered and the second if this end is free to rotate. 
The shear force is given by the equation 


A ay MA 
Q; - Q4, - - 
Ai ci i 
A Kai (4+pi 
Q* -—M, Al Hi) 


Ci 


The normal forces ni are not calculated here because they do not appear 


in the calculation of the F*. 

If we isolate any of the members t of the frame not meeting the joint A 
and because the joints which it meets are assumed not to rotate, this member 
is in equilibrium if it is acted upon its end sections by the normal force N 


The shear forces of are zero. 
If by cuts close to the joints we isolate all the members of the frame and 
on the sections of the joints we apply the nA, QA, FA as external forces, then 

each joint is in equilibrium under the action of these forces. As long as the 
systems of forces NA, QA and FA on each joint are in equilibrium, then 
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evidently they are in equilibrium if taken as a whole on all the joints. 

In order to calculate the fixing force FA we express the equilibrium of 
that total system of forces by applying the principle of virtual works for the 
virtual geometrical displacements of the joints and members of the frame 
belonging to (71). 

The equation which gives the equilibrium of this total system of forces 
QA, NA, FA is the following 


cos@, - ZQ4 (7) 


where the summation ¥ is extended to all members i meeting the joint A. 


The forces nA do not appear in the equation (7) because being equal and 
opposite in couples give works cancelling each other. For the same reason 


the works of the forces FA FA, ..... are zero, because the directions of 
the linear displacements of the joints, where the imaginary rollers II, III, 
A 
.... are placed, are perpendicular to the directions of the FA. Fin ne ae 


If in the equation (7)? we replace 4 by their values from the equation (6) 


and we express §;) as functions of 61, then we can find Ff as follows 


Fea—M, Gary (8) 


£ Kei C1445) (9) 


COSG 

i 
The factor Gaj is the restraining factor of the joint A of the group I. 
In the case gy = 0° the equation (9) becomes 


Cir Kai (10) 
i 
The fixing force F4 is positive when parallel and of the same direction 


with the positive displacement of the joint from which the imaginary roller 


has been removed. 
In the same way we can calculate the restraining factors of the group I. 


In order to calculate the fixing forces FA, FA. .... We express the equil- 
ibrium of the above system of the forces and we apply the principle of the 
virtual works for the virtual linear infinite displacement of the (7), (nll), 
.... Wecan thus calculate the restraining factors Gajy, Ganyp .... Of the 
groups II, lll,.... 


* 


Calculation of the Distribution Factors Due to Displacement 


7.—Let us consider the frame of the figure 10 where the imaginary roller I 

is removed and the joint D is acted upon by the force Zy. In the deformation 
of the frame because of the action of Z] we assume that all the joints do not 
rotate. In this case the movements of the joints are linear displacements 


only. 


2. The negative sign before the second part of the equation (7) is due to the 
fact that the positive shear with a positive displacement give negative work 
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Because of the relative displacements 6jj of the members of the frame, 
moments MAji are developed at the end sections of the members. The 
internal forces of any member i are as if the member had its ends locked 
against rotation but translated relatively to each other in direction perpendic - 
ular to the original axis of itself equal to an amount $j]. In the following we 
give calculation of the moments MAj as functions of the force Zy]. 

We isolate the member by two cuts at its ends and on its end sections we 
apply externally the developed internal forces (Fig. 11). The member is in 
equilibrium under the action of these external forces. The shear forces 


ahi, and can be calculated as functions of the moments and 
by the equation 


1 1 Mai +M2j 


By cuts at their ends we isolate all the members and on their end sections 


we apply Qi . Ni and Z, and the fixing forces Fi, Fin, . . . which are caused 
at the rest of the imaginary roller restraints II, III, ... . by the Zy. 

The forces Q, N, Z and F the acting on each joint constitute systems in 
equilibrium. Consequently as a whole taken they constitute a system in 
equilibrium. 

We can express the equilibrium of the whole system of these forces by 
applying the principle of virtual works taking as virtual displacements of the 
joints the real ones which have been caused on the locked joints by removal 
of the imaginary roller I and by the action on it of the Zj. The relations of 
the elastic movements of the joints are the same as with (yl). 

The equation expressing the equilibrium of the above system of forces with 
the aid of the principle of virtual works is 


1 
Z; dy cos @, Zc, - (12) 
where 6, is the elastic displacement of the joint on which the Z, acts. 


Qi is the constant shear force of the member 

Cjj a constant parameter of the member i given by the diagram of virtual 
displacements 

i is summation extended to all members of the group I the forces ni 


and Fi . Fin do not appear in the equation (12) for the same reasons 
as in para. 6. 


The shear force Qi can be calculated with the aid of the equation (11) as 


functions of the moments M4; and Me. 


The moments Ma; and Mi of any member i with a constant moment of 
inertia]; are given by the following equations 


Mai ai 
(13) 
Ma 
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where ua; and uc; are constants which depend on the geometrical character- 
istics of the member which is connected with joints A and C. 

We call the constants ua; stiffness factors of the members. 

For a member with its both ends encastered we have 


Up; = = 


For the case the end A is encastered and the end C pin-joined 
3 
Uc, (15) 
If in the equation (11) we replace Mi; and Moy by their values from the 
equations (13) we obtain 
CUgj + Uci ) Cis (16) 


If in the equation (12) we replace Qi by its value from the equation (16) 
and solve it we obtain 


+ Uc; ) 


where the summation ¥ extends to all members i of the group I. 
After the calculation of the elastic displacement | we calculate the mo- 


ment Mky- at the end section of any membery meeting the joint E by replac- 
ing 61 at the equation (13) by its value from the equation (17). Then 


MI. % (18) Where 


Par COS @, 


The factors aly are called distributions factors due to displacement. 
In the case of an angle ¢] = 0 the equation becomes 


(20) 


It is evident that if we multiply the distribution factors due to displa:e- 
ment of all the members of the group I by the corresponding fractions 


ir and we add we obtain a sum equal to unity 


1 
| (21) 
ly 
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where the summation { extends to all members of the group I. In the same 
way we can calculate the distribution factors due to displacement of the 
groups II, l,.... 


Calculation of the Shear Carry Over Factors 


8.—When we remove the imaginary roller restraint I and on the joint, where 
this roller I is removed, we apply the force Zj, then on the remaining rollers 


Il, MM... . forces , +... (Fig. 9) are caused, whose seek the calcu- 
lation as functions of ZI. 
In the following we give the calculation of the force Fh. 


For the calculation of the Fh, we express the equilibrium of the total 
system of the forces QI, nl, Z and Fl, which have been developed at the stage 
of para. 7, by application of the principle of virtual works where the virtual 
geometrical displacements of the joints and members of the frame are those 
of the (Il). 

The equation which expresses the equilibrium of the above system forces 
and resulting from the application of the principle of virtual works is the 
following 


1 
Fi cos Gn On- Cig Qi-o (22) 


where 67 is the virtual displacement of the joint with .he roller II. 
Cig the constant referring to the member i of the group I 


a the constant shear force of any member i during the stage of the 
para. 7. 


¥ summation extended to all members i of the group I. 
If we solve the equation (22) we obtain 


Qi - cos Z;. 


If we replace Qi from (24) to the equation (23) we obtain 


= mt. Zi (25) where 


I COSQs 1 


For the case of angles ¢, = 0 and ¢, = 0 (26) becomes 
Cc; 

1 iz 1 1 


The factor my is called shear carry over factor 


= 
Cin (23) 
Ll” cos og 
the shear force Qi as a function of the calculated moment is 
i 
1 
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The calculation of the forces Fp ..... is carried out in the same way 
by the application of the principle of virtual works with virtual displacements 
those of the 


Rectangular Frames 


9.—The above restraining factors, distribution factor due to displacement 
and shear carry over factors take on a simple form in the case of rectangu- 
lar frames. 

In drawing up the virtual displacement diagram we consider that the sec- 
tion of the frame above the imaginary roller which has been removed moves 
without any elastic deformations (Fig. 12). 

In the case of rectangular frames the displacement 6j], 6;7; are all equal 
in the columns and all equal to zero in the beams. 


Restraining Factors 


10.—Applying the principle of virtual works, as above, we obtain the following 
restraining factors (Fig. 13) 


For the calculation of forces FA, and in the application of the principle of 
virtual works, we must bear in mind that the calculated force Fin performs 
work, too, due to the displacement of the joint on which it acts. 


— (My) Cam --- - - 


i 


(Ma) Cay 


Kat 
Distribution Factors Due to Displacement 


11.—The distribution factors due to displacement takes the following simpler 
form (Fig. 12): 


* 


tj) 


Fe (M) (28) 
where 
where 
(1) 
where 
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Shear Carry Over Factor 


12.—In the case of rectangular frames of (Fig. 12) the shear carry over 
factor, for all stories, is constant and equal to i. Thus we have: 


a. 


I 
My 


Arrangement of the Successive Approximation Calculations 


13.—The calculations of the successive approximations have been arranged 
in tables as can be seen in the examples of this paper. 

The arrangement of the tables is such that the distribution of the moments 
at each joint is effected in the tables. 

In the top few lines of the table we list the joints, the members meeting at 
these joints, the distribution factors, the restraining factors and the distribu- 
tion factors due to displacement. In the corresponding columns for the joints 
we set down the results of the moment distributions. 

Following the distribution of the moments at each joint we add up the mo- 
ments at the end section of each member and determine the moments result- 
ing from the distribution which we write down in a rectangle, in the relative 
column, so that the distributions may be continuously checked. 

The last columns to the right give us the fixing forces Fy, Fy... . After 
the moment M has been distributed at each joint we multiply the moment - M 
by the corresponding restraining factor G for the joint and write down the re- 
sults in the columns to the right where we already have the fixing forces. 

Following the distribution at all joints we add up the figures in the Fy 
column and thus obtain the fixing force. This (with a changed sign) we multi- 
ply first by factors af; and write down the results in the corresponding col- 


umn for each joint, then by factors Mi, Min +++ «+ «, to determine the 


fixing forces Fi, Fn oe due to the removal of the support on which 
F, acts and the exertionof - Fon the relative joint. We write down these 
products in the corresponding columns for Fy, Fy; . . . -- The same process 
is repeated in turn for the remaining fixing forces Fy, Fyy.-...- - 

The final moments following the completion of all distributions, are ob- 
tained by adding the relative moments enclosed in rectangles. 


Conclusion 


14.—It is our opinion that the new method proposed by us for the calculation 
of frames by successive approximations presents the following advantages: 


1) It is quicker than the classical method of H. Cross, and 

2) depending of the form of the structure, the material to be used in con- 
struction (steel, reinforced concrete) it is possible for us to determine the 
number of successive approximations necessary, so that the grade of accu- 
racy in the calculations may not affect the final section dimensions of struc- 
ture members. 

In the examples, the advantages of the method proposed by us, for the 
calculation of rigid frames, are made clear. 


Application 


1) The bending moment diagrams of the following frame are to be drawn 
(Fig. 14) 
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g = 2.0%m 


J, = 154, 214% 


= 4.00m = 700m 
, *538m =5.50m 


Diagrams of virtual displacements (Fig. 15, 16) 

Constants of the displacements of the members: 

a) group I 
Cyy C2379 0 
sin 1.342 Cay = 1342 
Cos = Cr, 


b) group I 
Con = Cay =+ 1342 


1.542 Crp =O = 100 


Distribution factors: 
Joint E: 


Oey 400 =1.00 Ey 


1O57E3, 
Joint F: 


4E 1.5% 


0.857 ek 


4e34 


100 El, 


46141; _ 1.04 E34 
538 2.8697EX 


Joint G: 


a 
Data 
| 
| 
1.00 
0.857 
0.857 
1.000 
4040 
Kea = 0500 
= 9.300 
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a 46.1.4}, 
K> 5.38 


4E 06 0.800 


1.020 


21040 EX, Kyus« * 0.364 


Joint L: 


_ 1.020 


4.00 2020E% Kis 0.495 


Restraint factors of the joints: 
a) group I 


3x0538 


2xa00 9202 


Ger 


_3x0345 


3%1.342x0.360 
2x apo 


6 3X1.342K0.500 3x1.342x0.50 =0 
Gt *~ 538 2x5.38 


3X 1.342xK0 364 
= 0.136 


b) group II 


3x0.360xX1.342 


6 =0 Ory * 2x5.38 = + 0.4135 


_ 3X0.364X1342 3X0. 280x414 
Son <0 * 2xa.00 7-93! 


304% 


24007 ° 186 


Stiffness factors: 


1.411 


Uss * 4 


6E 
5.50 


*156EJ, Uy, = = 153 
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0,25 | 0,00 0,0625 | 0,000 
0,00 | 0,00 0,00 0,00! 0,000 | 0,000 
1,00 | 0,25 | 0,00 0,000 


-1,342/+1,342)-0,25 |+0,25 | 0,0625 | 
-1,342/+0,25 |-0,25  0,0625. 
1.00 | 0,00 |+0,25; 0,000 
0,00| 0,00! 0,00! 0,000 


1,00; 0,00 |+0,25| 0,000 


0,0625 


C 4j C’| 1 Fy 
315 
2 
B 23 | 1 
25 24 3 
A LA | 
Fig. 19 
TABLE I 
1 14,00 
2 | 7,00 
3 | 4,00 | | 
4 | 5,38 
5 | 5,38 0,0625 
6 | 4,00 0,0625 
7 | 5,50 0,000 
8 | 4,00 0,00 | §60,0625 
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6E 08% 


6E% 


u su 
Ke Ge ~ 4.00 


By aid of Table I we calculate the following factors: 
Distribution factors due to displacements: 
a) group I 


( )*0.0625xK2 0.765574 


0.250x1.5 


0 765 = 0.490 


0.250 x15 


0.250 %1.56 


0.765 =-0.510 


> 
b) group IT 
) =0.0625x2 (156 +1.56+1204+120) EJs = 


0.250X1.20 LQ ~ 
0. 250X150 


a 91 


= 0.252 (0.490+0490+0.510+0.510) =4 
t 


Check: 
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Shear carry over factors: 


ms = $0. 250 (-0.510-0.510)-0.250(+0.510 + 0.510) 20.510 


mt = 0.250 ( 


Active moments: 


Fixing forces (Fig. 17): Ff =+12.5¢ Ff = - 12.5t 
The successive approximations and the arrangement of the operations is 
tabulated in the Table II. 2) The bending moment diagrams of the following 


frame are to be drawn (fig. 18) 


Distribution factors 
Joint C: 


4Eu 


» 2.000E) 
c2 40.00 2.800E% 


Restrain factors of the joints 


3x0286 _ 
° 0.0858 


Stiffness factors 
GEJ 


Ucy * = = 1.206 


Distribution factors due to displacements 
= = c 4.20 s 


F° 
The successive approximations and the arrangement of the operations is 
tabulated in the table III. 3) The bending moment diagrams of the following 
frame are to be drawn (Fig. 19). 
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oh 
E2 F2 i2 tm. 
v 2*5.002 
* 
= 2 
= = 5.044, 
08 
2.0 
Joint: 
K,.° 0.714 
0286 


TABLE Il 


Kai] — | 0286 | 0.714 | o714 | | — 
— | +o08se | | — | 
Saif | | — | — | 1250 | 1.250_ 


+ 3750 + 3,750 | +3,750 |-3,000 


- 1,072 | -2,678 | -1,339 -0,322 
-0,207 


1.720 


| ~0,860 | - 3.059 |+3,059 
+0,017 
-0,063 


| +0,661 |+0,661 


+0.142 | +0,071 
+0,718 |-0,718 | -0,522 |-0,210 

-0,261 
+0,057 +0,057 |+0,057 
+0,058 | +0146 | +0,073 | +0017 
-0,011 


'-0,008 |-0,008 


+0,039 | +0,019 +0,005 
~0,007 | -0,008 |-0,003 |-0,002 |-0,001 
0,004 | +0,011 +0,004 


-0,005 


+0,003 | +0,006 | +0,003 
+ 0,001 | +0,001 


[5906 _ 


TESS 
+3,750 
+0, 661 
+0,029 | 
5 | 
+0,057 
+0,029 
-0,046 | -0,020 +0,020 +0,006 
-0,008 |-0,008 ... 
+0,007 | +0,015 
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Distribution factors 
Joint C: 


Ges =100€E7 Kea 0.333 


4EX43 20 067 200 
Joint C': Kes = 0.667 


= 0.333 
Joint B: 


On, 400 100 £3 3333 0.300 


4Ex2) 


1.000 
1006) * 3333 0-300 


a = 


AEX2I 1.333 €17 K = 1.333 
600 3333E9 Bi 


4333" 0.400 


Joint B': 


Restrain factors of the joints 


9.333 
= 0.125 Oc, = 0.125 


9.300 = = 
Spr 4- 0.1125 Gg, = 01125 


Oy x 0.425 = — 0.125 


=— 0.0125 


Br 


Stiffness factors 


£3 


Up, *Uyy *Ugs> Uy, 2-008) 


Distribution factors due to displacements 


I 


= < 1.5 
P54 ce = 400 = 1.00 
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Ky, = 0.300 
= 0.300 
0.400 


4AXx2E] 


600 = 4.50 


The successive approximations and the arrangement of the operations is 
tabulated in the table IV. 


Pas 
300 
811-27 


282'0- OLI'I+] OLI'1+] OLI'I+ 
290'I-] 290'1-| £90'1+ L90'1+ L90'11+ 
788'0+ 108'I-| 829'0- 


QL9I- ZS2'1-] E22 2-| 8z90- 
$¥0'0+/807'0- 71S 0- OS7'l-| 8BO'l-| 8BO'l-| 9280+) 928'0-| V7S'0- 
£21'0- 92¢'0-| 062'0 + 
2Z1'0- 


SPL 26S 0- 
6600+) 068°0-| I8S'I- 


M9) 


oo 
. 
j 
o 
2 
+ 
oO 
+ 
S 
wo 
Mi— | — 
o|=|2 
|' 
Q 
+ - 
= 
Ve) 
=| 
A 
+ 
oO 
= 
2) a fo} 
O + ! 
~ 
® 
o 
o¢ 
o 
©} 
3 
811-28 
> 


2000+] 610'0-| s20'0- 0'0-| 960°0-/810'0+ 


290'0-| 
9200- 020'0- 2S0'0-| 6£0°0-| 6£0'0-] 920'0 +/ 920'0- 
0010+ 


220°0- 


090'0- 611'0-| 060'0-| 060'0- 
VEZ'0+ 
[641 0-| £81 0+| 
201'0- ¥L20-| $02'0-| S02 0- 
4100+) £20°0- £60'0-| S61'0-| S61'0+ 
$£0'0-] 1L00- 
92S‘0+| 92S‘0+ 
S6'0 +| +) (62'0- 


20'0 +/812'0- - 101 L62'0- 


7B 
a 
(Pile + + 
wo 
oo = 
+ 
o 
+ 
So w 
+ 
@ 
212. 
om 
+i + + 
= 
S 
+ + 
™ wo 
WO 
=) 
oO 
wo 
3 § 
¢ 
a 
D 
o 
oO 
iit 
@ 
oO} o 
oS @ 
© 
> 
811-29 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


OFFICERS FOR 1955 


PRESIDENT 
WILLIAM ROY GLIDDEN 


VICE-PRESIDENTS 


Term expires October, 1955: Term expires October, 1956: 
ENOCH R. NEEDLES FRANK L. WEAVER 
MASON G. LOCKWOOD LOUIS R. HOWSON 


DIRECTORS 


Term expires October, 1955: Term expires October, 1956: Term expires October, 1957: 
CHARLES B. MOLINEAUX WILLIAM S. LaLONDE, JR. JEWELL M. GARRELTS 
yee tee OLIVER W. HARTWELL FREDERICK H. PAULSON 
CARL G. PAULSEN THOMAS C. SHEDD GEORGE S. RICHARDSON 
LLOYD D. KNAPP SAMUEL B. MORRIS DON M. CORBETT 
GLENN W. HOLCOMB ERNEST W. CARLTON GRAHAM P. WILLOUGHBY 
FRANCIS M. DAWSON RAYMOND F. DAWSON LAWRENCE A. ELSENER 


PAST-PRESIDENTS 
Members of the Board 


WALTER L. HUBER DANIEL V. TERRELL 


EXECUTIVE SECRETARY TREASURER 
WILLIAM H. WISELY CHARLES E. TROUT 


ASSISTANT SECRETARY ASSISTANT TREASURER 
E. L. CHANDLER CARLTON 8S. PROCTOR 


PROCEEDINGS OF THE SOCIETY 


HAROLD T. LARSEN 
Manager of Technical Publications 


DEFOREST A. MATTESON, JR. PAUL A. PARISI 
Editor of Technical Publications Assoc. Editor of Technical Publications 


COMMITTEE ON PUBLICATIONS 
SAMUEL B. MORRIS, Chairman 
JEWELL M. GARRELTS, Vice-Chairman 
GLENN W. HOLCOMB OLIVER W. HARTWELL 
ERNEST W. CARLTON DON M. CORBETT 


